INTRODUCTION 4 8 4 9
A growing number of studies are evaluating how alternative scenarios could influence Earth's 5 0 biodiversity under future climate change (McMahon et al. 2011; Garcia et al. 2014 ; Warren et 5 1 .
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We extracted caddisfly species occurrence records from a European-wide database (Schmidt- had more than 100 records, and a total of 395,513 records in the database. We removed 1 0 7 species living in ponds or wetlands from the dataset because air temperature is a poor proxy 2006). Further, only the species with more than 100 occurrence records in the database were 1 1 0 considered in our subsequent analysis to ensure more reliable predictions. We also removed climatic data considered . We also ensured that individual records retained for modelling had an accuracy of at least 1 km to reduce spatial error. Our final database contained 260 caddisfly species, whose current distribution areas varied from 3 to 42% of Europe's total area (mean = 2.4 ± 0.8 million km² SD; range size = We accessed global-scale spatial climate data for both current and future (2080), from WorldClim (http://www.worldclim.org). All spatial climate data were 30 arc-seconds, . CC-BY-NC-ND 4.0 International license is made available under a The copyright holder for this preprint (which was not peer-reviewed) is the author/funder. included for all subsequent species distribution modelling: 1) temperature seasonality; 2) 1 3 0 maximum temperature of the warmest month; 3) minimum temperature of coldest month; 4) 1 3 1 precipitation of wettest month; 5) precipitation of driest month and 6) precipitation 1 3 2 seasonality. We assumed air temperature as a substitute for water temperatures, because European-wide data on projected changes in water temperature are not available. Further, caddisflies depend on both aquatic (larval) and terrestrial (adult) environments, and the water temperature is generally acceptable for large scale studies that cover a certain extent of Research Organization) GCMs. The three GCMs we selected have been previously used to
evaluate the impact of climate change on freshwater organisms in Europe (Domisch et al. our study was to demonstrate variability between models, and averaging across GCMs can 1 4 8 smooth patterns and limit our ability to fully assess alternative scenario influences on climate suitability, and ultimately on species patterns. 
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We modelled current and future distributions for 260 caddisfly species using an ensemble 1 5 4 modeling framework developed by Lauzeral et al. (2015) . Ensemble models are known to be determined that IEMs were well suited for our data, where false absences (the species has not 1 6 6 been detected, but is present) are likely to be present (Lobo et al. 2010) . Indeed, despite more used six predictive modelling methods belonging to three commonly used correlative species 1 7 3 distribution modelling techniques. We used two regression techniques: generalized linear 1 7 4 models (GLM) and generalized additive models (GAM); two machine learning techniques:
random forest (RF) and generalized boosted regression models (GBM); and two classification techniques, linear discriminant analysis (LDA) classification and regression trees (CART). .
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Raw variables were used without prior transformation in all models except for GLM and LDA 1 7 8 models where variables were squared to deal with nonlinearity, and in the GAM model, where
variables were spline transformed (df = 4). We generated 1000 trees in our GBM models and 1 8 0 300 trees in our RF models, and for both of these modelling methods, the number of 1 8 1 predictors randomly selected at each node was the square root of the total number of climate 1 8 2 variables (n = 6). The six model outputs from IEM were averaged to provide a per-pixel relative 1 8 4 suitability for each species, which was then converted into presence or absence by 70% of the data matrix. This process was repeated 10 times to measure the sensitivity of our Model quality was quantified using TSS, accounting for model sensitivity and specificity. All Our models predicted current and potential future range distributions for 260 European 1 9 3 caddisfly species. Using these predictions, we represented future (2080) species ranges 1 9 4 considering both no dispersal and dispersal scenarios for each GCM. Under no dispersal 1 9 5 scenarios, species ranges were constrained to their current distribution ranges, and under 1 9 6 dispersal scenarios predicted species ranges extended outside their existing distribution range. 
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The copyright holder for this preprint (which was not peer-reviewed) is the author/funder. It . https://doi.org/10.1101/411462 doi: bioRxiv preprint 9 Based on the 260 caddisfly species considered in our analysis, we found that species richness 2 0 3 peaks in central Europe (Fig. 1a) . Under a non-dispersal scenario, species richness would 2 0 4 decline throughout Europe regardless of the scenario (Fig. 1b) or the circulation model 2 0 5 considered (Fig. 1b, S1b and S2b). In addition, under a non-dispersal scenario, mitigation 2 0 6 primarily benefits species in areas of Central and Eastern Europe, whereas under mitigation, 2 0 7
Southern Europe (e.g. areas of Italy and Greece; Fig. 1b ) loses more species. Southern Europe (Italy and Greece; Fig. 1c ) lose more species under the mitigation scenario. Allowing species dispersal results in species richness shifting in both a north and east direction by 2080, regardless of the circulation model considered (Fig. 1c, S1c and S2c). Using Cgcm GCM, which provides the most conservative shifts in species distributions, the difference between scenarios (t-test, p>0.23). In contrast, the magnitude of eastern shift in 2 1 6 species richness significantly differs between scenarios (t-test, p <0.01), and surprisingly, the 2 1 7 centroid of richness shifts three degrees further to the east under the mitigation scenario 2 1 8 (4.47±2.56°SD) compared to business as usual (1.33±2.24°SD) (Fig. 1c) .
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The Cgcm GCM predicts increased suitability, with caddisfly species richness 2 2 0 increasing across 64% of the European landscape under the mitigation scenario compared to 2 2 1 under business as usual (Fig. 1c) . Our predictions also show that most of the European 2 2 2 landscape (55% of total area) is predicted to experience higher species loss under business as usual (Fig. 1d) . However, under the mitigation scenario, 16% of Europe has more pronounced 2 2 4 species loss and 40% of Europe experiences similar loss under both mitigation and business as usual (Fig. 1d) . Areas predicted to experience higher species loss under mitigation are in northern Europe as well as parts of Italy and Greece (Fig. 1d) . Under mitigation, Northern and 2 2 7
. CC-BY-NC-ND 4.0 International license is made available under a The copyright holder for this preprint (which was not peer-reviewed) is the author/funder. It . https://doi.org/10.1101/411462 doi: bioRxiv preprint 10 Eastern Europe as well as some parts of Spain and Portugal gain higher numbers of species 2 2 8 than under business as usual (Fig. 1e) . We found similar changes in geographical patterns 2 2 9
across Europe under the mitigation scenario for the two other GCMs used (Fig. S1d, S2d,e).
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We further explored which climatic variables explain predicted differences in species 2 3 2 richness patterns between the two future scenarios. Under Cgcm GCM, the difference 2 3 3 between the two scenarios in predicted loss or gain of species (measured per pixel) is mainly 2 3 4 due to two climate variables ( Fig. 2 and S3 ). Predicted differences in species loss are a 2 3 5 consequence of higher maximum temperature of the warmest month predicted across southern
Europe under the mitigation scenario (Fig. 2a) . Predicted differences in species-gain (per 2 3 7 pixel) are a consequence of higher precipitation predicted in the driest month under mitigation 2 3 8 (Fig. 2b) . current distributions (Fig. 3, S4 and S5 ). On average, under Cgcm, species retain 5% more of mitigation scenario (Fig. 3) . Roughly 20% of species (50 species) in our study are predicted to be losers, either retaining less of their current distribution (37 species) or expanding less into new areas (28 2 5 0 species) under the mitigation scenario compared to business as usual (Fig. 4) will benefit the least from efforts to mitigation greenhouse gasses by 2050. These areas, When considering both a no-dispersal and a dispersal scenario we found a decline in 2 8 7 species richness in Southern Europe. However, we found that if species were able to freely 2 8 8 disperse then species richness would increase in both Eastern and Northern Europe by 2080.
